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Crumb rubber modifier, made from scrap tires, has been introduced into the production of different types of hot mix asphalt
in either wet or dry process. To determine if the rubberised asphalt mix performs as well as polymer-modified asphalt
cement (PMAC), test sections of rubberised and control PMAC porous European mix (PEM) in Georgia were examined
through a visual inspection and laboratory testing. The results indicated that the performance of rubberised PEM pavements
from visual inspection was almost equal to that of PMAC PEM (as the controls) with no rutting or cracking being found,
except that the Cantabro test showed a higher mass loss after 3 years’ service. After 5 years’ service in I-75 Perry, the
rubberised PEM still performed a little better rutting resistance, although the rubberised section experienced about twice
cumulative traffic as compared to the control; the other visual inspections remained the same.
Keywords: crumb rubber modifier (CRM); porous European mix (PEM); dry process; field performance
1. Introduction
Crumb rubber modifier (CRM), made from scrap tires, has
been introduced into the production of hot mix asphalt
(HMA) because it improves the mechanical properties of
HMA and is an effective way of dealing with the waste
tires (Rahman 2004, Cooper et al. 2007, Lee et al. 2007,
Xiao et al. 2007, Shen et al. 2009). CRMwas introduced to
the asphalt mixtures by two different techniques: wet
process and dry process. In the wet process, 10–25% by
mass of asphalt binder, the finer crumb rubber (less than
1mm) was mixed with asphalt at high temperature (170–
2058C) to form asphalt rubber, which is then mixed with
aggregate in a drum to produce HMA. In the dry process,
1–3% by mass of the total aggregate, a larger crumb
rubber (1–8mm) is mixed directly with aggregate in the
drum to produce an HMA called rubberised asphalt mix
(Rahman 2004).
Considerable research indicated that the wet process
exhibited better resistance to permanent deformation and
fatigue compared to conventional mixtures (Hicks et al.
1995, Oliver 2000, Huang et al. 2002, Hunt 2002, Kaloush
et al. 2003). Many researchers investigated the influence of
CRM on the performance properties of porous asphalt
mixtures and reported that HMA made with truck tire
rubber generally performed better in porosity, initial
permeability and provided stable long-term drain down
results when compared to passenger car tire rubber, and the
addition of CRM reduced the moisture susceptibility of
porous asphalt mixtures (Lyons 2012, Love 2014).
In the dry process, most of the previous works have
considered that the wet process had sufficient interaction
between asphalt and CRMdue to long time blending at high
temperature, while asphalt–CRM reaction in the dry
process is negligible due to the shorter reaction period and
larger particle sizes used (Rahman 2004). However, recent
research found that during the mixing period as well as
transportation and laying, the asphalt–CRM reaction in the
dry process is significantly higher than previously thought
and improves the performance of HMA (Singleton 2000,
Rahman et al. 2010, Herna´ndez-Olivares et al. 2009,
Lo´pez-Moro et al. 2013). In addition, field performance of
the dry process CRMmixture is inconsistent and the service
life varies from 2 to 20 years (Rahman 2004). The dry
process in Oregon performed worse compared to the wet
process and conventionalmethod (Hunt 2002). On the other
hand, the dry process test sections in Louisiana experienced
similar or better fatigue and rutting resistance after 5–7
years’’ service (Huang et al. 2002). The dry process test
sections of open graded mixture in Kansas showed
acceptable rutting but cracking had formed in all areas
after 5 years’ service (Fager 2001). There are possible
reasons for poor field performance in the dry process, such
as the lack of aggregate-to-aggregate contact and interlock
because of larger CRM particle size, higher CRM content
used and non-uniform distribution of CRM in HMA.
Recently, smaller size CRM (less than 1mm), lower
CRM content (about 10% mass of asphalt binder) and a
cross-link agent (transpolyoctenamer [TOR] polymer)
q 2015 Taylor & Francis
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were used in the dry process to improve the performance
of HMA in Georgia (Sheila 2007, Shen and Xie 2012, Xie
and Shen 2013). Crumb rubber is added as a substitute for
the PMAC normally required to produce a PG 76-22 in
three types of HMA: porous European mix (PEM), stone
matrix asphalt (SMA) and polymer-modified 12.5mm
Superpave mixtures in Georgia (Shen and Xie 2012).
To compare the field performance of rubberised asphalt
mix and control PMAC, test sections of rubberised and
control PMAC PEM were paved on I-75 Valdosta (2009),
I-20 Augusta (2009) and I-75 Perry (2007) in Georgia.
So far, neither a formal evaluation has been performed nor
has research on these rubberised pavements generally been
documented. Collecting data to evaluate their field
performance after 3 and 5 years’ service is urgently
needed to determine if the rubberised asphalt mix performs
as well as control PMAC.
2. Objective
The objective of this study was to evaluate the field
performance of rubberised PEM pavements with different
service times of 3 and 5 years and to determine if rubberised
PEM performs as well as PMAC PEM pavements. This
evaluation is to be conducted through a visual inspection on
the testing pavements including pavement distresses such
as rutting, cracking, ravelling and potholes. In addition,
laboratory tests for the physical and durability properties of
cored samples also were performed.
3. Information of test sections
Rubberised and control PEM test sections as wearing
course were paved on I-75, Valdosta, in 2009 and I-75,
Perry, in 2007, respectively. In addition, only rubberised
PEM was paved as surface layer on both eastbound and
westbound of I-20, Augusta, in 2009. It is noted that the
rubberised (eastbound) and control PMAC (westbound)
SMA mixtures were constructed under the rubberised
PEM surface layer on I-20 Augusta. The test sections in I-
75 Valdosta and I-20 Augusta were the full-depth
pavement, and the test sections in I-75 Perry were the
cement-stabilised base pavement. Tables 1 and 2 present
the construction and traffic volume on the three test
sections, respectively. Only cumulative traffic volume was
calculated because of no traffic composition was available
for calculating the equivalent single axle load. Table 2
indicates that the rubberised test section in I-75 Valdosta
experienced slightly higher cumulative traffic, and the
rubberised PEM in I-75 Perry had about twice cumulative
traffic, compared to the control.
4. Mix design and materials
For the rubberised PEM test section, 2 30mesh was used
at 10% of the weight of the base binder of PG 67-22. CRM
is introduced and mixed directly with aggregates and PG
67-22 asphalt in the drum to produce the PEM. The cross-
link agent (TOR) was used at 4.5% of the weight of the
CRM (TOR were the white particles in the container on the
left of Figure 1). A volumetric feed system was set up at
the asphalt plant to incorporate the blended crumb rubber/
TOR material (see container on the left side of Figure 1)
into the reclaimed asphalt pavement collar through the
pipe (see the right side of Figure 1) at the drum.
For control PMAC PEM test section, SBS-modified
asphalt binder (PG76-22) was used. For both rubberised and
control PEM test sections, the same asphalt binder content
(6.0%), and aggregate type (granite aggregate) and aggregate
gradation (Table 3) were used (Sheila 2007). Granite
aggregate was used for both PEMmixtures. Both rubberised
and control PEM mixtures had the similar mixing
temperature (1608C) and compaction temperature (1578C).
Cantabro test has been used to evaluate the PEM
resistance to ravelling (Lu and Harvey 2011). The test was
conducted on the samples of both control PEM and the
rubberised one. Average-%-loss results obtained from a
Table 1. Information of test sections.
PEM test section
Design
thickness
(inch)
Construction
date
(year)
Investigation
date (year)
Length
(mile) Orientation
I-75 Valdosta Rubberised 1.25 2009 2012 17 Southbound
Control 1.25 2009 2012 17 Northbound
I-20 Augusta Rubberised
(with rubberised
SMA underlayer)
1.25 2009 2012 2.15 Eastbound
Rubberised
(with PMAC
SMA underlayer)
1.25 2009 2012 2.15 Westbound
I-75 Perry Rubberised 1.25 2007 2012 1 Northbound: outer lane
Control 1.25 2007 2012 1 Northbound: inner and
centre lanes
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plant-produced mix for control PEM and rubberised PEM
were on average 18.6% (17.0%, 17.9% and 20.8%) and
19.1 (22.7%, 17.0% and 17.5%), respectively (Sheila
2007), and met the Georgia Department of Transpor-
tation’s expected performance rate of less than 20%.
5. Sampling plan
The core samples in wheel paths and the lane centres in
each test section were drilled after 3 years’ of service for
I-75 Valdosta and I-20 Augusta, and 5 years’ of service
for I-75 Perry. Since wheel paths are subject to repeated
traffic loading, core samples taken from wheel paths
should differ from those taken between them.
To determine the influence of traffic loading on pavement
physical properties and durability, the same number of
cores in wheel paths and the lane centres in each test
section was drilled. Because sampling on a busy interstate
highway requires traffic control such as closing lanes, the
number of samples was practically restricted. A total of
48 specimens were taken from the testing sections and
used in this study. The number of the samples was not
based on the requirement to make a statistic analysis, i.e.
statistics point of view. Table 4 shows the sampling plan
of all core samples. In order to make full use of the core
samples, the non-destructive test (specific gravity and
permeability) was performed first and then destructive
test (Cantabro test) was conducted.
6. Evaluation methods
The long-term performance of rubberised and control
PEM test sections were evaluated by the visual inspection
in the field and testing of core samples in laboratory. The
visual field inspection included a series of distress
measurements in accordance with Georgia Department
of Transportation Pavement Condition Evaluation System
Figure 1. Blended crumb rubber/TOR feeder container and pipe (Sheila 2007).
Table 2. Traffic volume of test sections.
Test section Annual average daily traffic (AADT)
PEM 2012 2011 2010 2009 2008 2007 Cumulative traffic volume
I-75 Valdosta Rubberised 20,190 20,330 21,930 21,730 N/A N/A 18,940,200 (3 lanes)
Control 20,360 19,790 21,260 21,200 N/A N/A 18,493,200 (3 lanes)
I-20 Augusta Rubberised, Eastbound (with
rubberised SMA
underlayera)
25,800 25,640 25,510 24,650 N/A N/A 22,989,000 (3 lanes)
Rubberised,Westbound
(with PMAC
SMA underlayera)
26,060 25,440 25,060 24,130 N/A N/A 22,755,000 (3 lanes)
I-75 Perry Rubberised 13,337 13,286 14,805 14,149 13,475 15,882 23,087,247 (outer laneb)
Control 7832 7803 8695 8310 7914 9327 13,559,253 (inner and
centre lanesb)
a The rubberised and control SMA pavements were constructed under the PEM surface layer on I-20 Augusta in 2009. All eastbound lanes are rubberised
SMA, while all westbound lanes are control SMA pavements.
b Lane distribution factor, 0.63 for outer lane, 0.30 for centre lane, 0.07 for inner lane (Pavement Design Manual, Georgia).
Table 3. Aggregate gradation of PEM.
Sieve (mm) 19 12.5 9.5 4.75 2.36 0.075
Percentage passing (%) 100 90 50 14 8.0 3.0
International Journal of Pavement Engineering 3
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(PACES) manual, such as cracking, rut depth,
ravelling, bleeding, pushing and potholes. Laboratory
investigations on the samples included the physical and
durability properties such as density, permeability and
Cantabro test.
6.1. In situ tests
6.1.1. Rut depth
Rut depth was measured in both wheel paths in the sample
area and recorded in millimetres (mm). Rutting measure-
ments was taken by ‘blocking’ up the stringline using a
block of hollow steel pipe (Figure 2).
6.1.2. Cracking
The length of the cracking was measured and the level of
the severity was recorded.
6.1.3. Ravelling, bleeding and pushing
The length of the distresses was measured and the level of
the severity was recorded.
6.1.4. Pothole
The total number of potholes was counted for the entire
rated segment (normally a mile).
6.2. Laboratory tests
6.2.1. Bulk specific gravity
The bulk specific gravity of the PEM samples was
measured using the Corelok method following AASHTO
T 331and AASHTO T 166, respectively.
6.2.2. Maximum specific gravity
Maximumspecific gravity of the core sampleswas conducted
according to ASTM D6857-03 Standard Test Method.
6.2.3. Permeability
Permeability was measured using the Karol-Warner
Flexible Wall Permeameter. The apparatus and testing
procedures are detailed in ASTM PS 129-01.
6.2.4. Skid resistance test
Skid resistance in the wheel paths of PEM pavements was
measured by a portable skid resistance tester according to
AASHTO T 278-90 (2012).
6.2.5. Cantabro test
Core sample durability, i.e., potential of resistance to
ravelling, is normally evaluated using the Cantabro test.
For example, the core samples are weighed and placed in a
Los Angeles Abrasion Tester without the use of the steel
ball, and the drum was turned for special revolutions. The
percentage of mass loss during this process is used to
evaluate the resistance of the core sample to ravelling.
The percentage of mass lost is used to evaluate the core
sample’s resistance to ravelling. Cantabro loss was
calculated using the following formula:
CL ¼ ðA2 BÞ
A £ 100
where CL is the Cantabro loss, %; A is the initial weight of
test specimen and ; B is the final weight of the test
specimen.
A standard number of revolutions, 300, are normally
used for the Marshall sample with a standard thickness of
Table 4. PEM cores.
Test Section Location
Number of
samples cored
Number of core
samples tested
I-75 Valdosta Rubberised PEM Lane centre 6 6
Wheel path 6 6
Control PEM Lane centre 6 6
Wheel path 6 6
Total of samples 24 24
I-20 Augusta Rubberised PEM Lane centre 6 4 (two samples broken)
Wheel path 6 6
Total of samples 12 10
I-75 Perry Rubberised PEM Lane centre 3 3
Wheel path 3 3
Control PEM Lane centre 3 3
Wheel path 3 3
Total of samples 12 12
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63.5mm.The core samples taken from the test sections, like
‘hockey puck’, were much thinner than the standard
Marshall sample. The results of Cantabro test showed that
core sample thickness influenced significantly the Cantabro
loss. Figure 3 showed a typical relationship between the
mass loss and the thickness for samples from I-75,
Valdosta. A trend was obvious: the thicker the sample, the
less the Cantabro loss. Tests on the samples from other two
sections had similar trend as those from I-75 Valdosta.
In addition, the aged severity of asphalt mix had
significant effect on the Cantabro results. Figures 4 and 5
show the samples of 3- and 5-year periods after 40
revolutions, respectively. The rubberised sample of the 3-
year period (Figure 4(a)) had much more whole aggregates
falling from the sample while the control example
(Figure 4(b)) had much more fine particles abraded from
the sample. The rubberised sample (Figure 5(a)) of the 5-
year period obviously was broken more seriously than the
control sample (Figure 5(b)).
It is not possible to use the standard revolution of 300
for the aged ‘hockey puck’ samples since they will break at
much less revolution. In this research, trials of Cantabro
test were made on the different cores to determine the
suitable number that is defined at which the sample starts
to break. Finally, 40, 10 and 40 were used for the core
samples taken from I-75 Valdosta, I-75 Perry and I-20
Augusta, respectively.
7. Results and discussions
7.1. Field performance
7.1.1. I-75 Valdosta
Table 5 summarised I-75 Valdosta pavement performance
as measured by rut depth, cracking, ravelling, bleeding,
pushing and potholes. After 3 years of’ service, the field
performance of the rubberised PEM pavement is obviously
similar to that of the control PEM pavement. Cracking,
ravelling, bleeding, pushing and potholes were not found
in either, and only two profiles of the control PEM
pavement near milepost 10 showed a minor problem:
a rutting depth of 2mm.
Rut Measurement
(a) (b)
“Blocking” Up Stringline Using Steel Pipe 
Figure 2. (a) Rut measurement and (b) ‘blocking’ up stringline.
Table 5. Results of field inspection.
Bleeding,
pushing
and pothole
Skid
resistance
(BPN)
Rut depth (mm)
Section
Test section Pavement type Cracking Ravelling Average 1 2 3 4 5 6 7 8
I-75 Valdosta
(3 year service)
Rubberised PEM None None None 61 0 0 0 0 0 0 0 0
Control PEM None None None 57 0 0 0 0 0 0 2 2
I-20 Augusta
(3 year service)
Westbound
rubberised PEM
None None None 54 0 0 0 0 0 0 0 0
Eastbound
rubberised PEM
None None None 58 0 0 0 0 0 0 0 0
I-75 Perry
(5 year service) Rubberised PEM Interval ¼ 9m
length ¼ 3.7m
width ¼ 1.2–2.5 cm
7m at the
beginning
of whole lane
None 49.8 2 2 1 3 2 3 1 2
Control PEM Similar to
rubberised PEM
None None 49.1 4 3 5 3 6 4 4 4
International Journal of Pavement Engineering 5
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7.1.2. I-20 Augusta
Table 5 presented I-20 Augusta pavement performance as
measured by cracking, rut depth, ravelling, bleeding,
pushing, and potholes. As mentioned, rubberised PEM
pavement was placed in both the eastbound and westbound
lanes, while a rubberised SMA was used under the
eastbound lane and SMA modified with SBS was used
under the westbound lane. Neither test section showed
distress.
7.1.3. I-75 Perry
Table 5 presented I-75 Perry pavement performance as
measured by cracking, rut depth, ravelling, bleeding,
pushing and potholes. Again, the rubberised and control
PEM pavements perform similarly after 5 years of service,
except for 24 feet at the beginning of the rubberised PEM
test section. Neither bleeding nor pushing was found in
either. Average rut depths for the rubberised and control
PEM test sections were 2 and 4mm, respectively,
Rubberized PEM
40 Revolutions 
(a) (b)
Rubberized PEM
40 Revolutions 
Control PEM
Control PEM
Figure 4. Condition of 3-year service cores after 40 revolutions. (a) Rubberised PEM and (b) control PEM.
y = –4.3453x + 17.616
R² = 0.567
0
1
2
3
4
5
6
7
8
2.6 2.8 3 3.2 3.4 3.6
C
an
ta
br
o 
Lo
ss
 (%
)
Thickness (cm)
Between Wheel Paths, Control PEM
Figure 3. Relationship between thickness and Cantabro loss after 40 revolutions in core samples, I-75 Valdosta.
Rubberized PEM
40 Revolutions
Rubberized PEM 
(a) (b) 40 Revolutions
Control PEM 
Control PEM
Figure 5. Condition of 5-year service cores after 40 revolutions. (a) Rubberised PEM and (b) control PEM.
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which are still very low. In addition, although the
rubberised section had almost twice cumulative traffic
compared to the control, the rubberised PEM still
performed a little better rutting resistance, indicating the
performance of rubberised PEM in I-75 Perry is superior to
the control.
In addition, cracking was observed in both rubberised
and control PEM test sections, and their length and severity
were similar. Most cracking crossed over the lane at 9m
intervals. Widths varied from 1.2 to 2.5 cm. The beginning
of the rubberised PEM test section showed about 7m of
ravelling to the adjacent to PMAC-modified pavement,
which may be attributed to incorrect construction. Another
possible reasonmay be that the rubber particles did not have
enough time to react with asphalt, and as a result, the
rubberised mixtures did not perform as well as those paved
in the later section.
For the I-75 Valdosta wheel path, the rubberised PEM
pavement test section was slightly more skid resistant than
the control PEM pavement, and performance was similar
in both I-20 Augusta east- and westbound lanes and the I-
75 Perry wheel path.
7.2. Laboratory performance of PEM core samples
Results of the specific gravity, air voids, permeability and
Cantabro loss values were statistically analysed with a 5%
level of significance. An analysis of variance was
performed to statistically analyse the data.
7.2.1. I-75 Valdosta
It is noted that the rubberised PEM samples had slightly
lower values of bulk specific gravity than the control PEM
samples for the wheel path and those between the wheel
paths, respectively (Figure 6). The air voids of the
rubberised PEM samples for the wheel path and between
the wheel paths are 9.8, which is 6.9% higher than that of
the control PEM pavement, respectively (Figure 7). The
rubberised PEM samples had higher values of permeability
than the controls. This contributed to higher air voids of the
rubberised PEM mix. The rates of difference of
permeability for the wheel path and between the wheel
paths are 34.4% and 38.5%, respectively (Figure 8).
Statistical analysis in Table 6 indicates that there were
significantly different specific gravity, air voids and
permeability values between the rubberised and control
PEM.
Figure 9 shows that the rubberised PEM samples had
higher values of Cantabro Loss than the controls. Table 6
indicates that Cantabro Loss of rubberised PEM samples
was significantly different from that of control PEM.
It was observed that the rubberised samples were easier to
have abrasion than the controls. However, it was also
found that the deviation of the results of Cantabro loss,
especially for the rubberised PEM, is very high. It may be
caused by difficulty to evaluate accurately the mass loss of
the rubberised mixture samples that are aged and thin. Due
to limited sample, it is difficult to improve the deviation in
this study.
7.2.2. I-20 Augusta
The surface of the I-20 Augusta testing section is
rubberised PEM in both directions, and rubberised and
control SMA sections were paved under the PEM layer in
the eastbound and westbound lanes, respectively, so we
could observe how it performs with two different
underlayers of rubberised and control PEM. Figures 6–8
show that the rubberised PEM with a rubberised SMA
underlayer was slightly less dense, with more air voids and
permeability, than the section with a control SMA
underlayer. Figure 9 shows that the two conditions have
similar Cantabro loss values. Table 6 indicates that
0
0.5
1
1.5
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2.5
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I-75 Valdosta I-20 Augusta I-75 Perry
Bu
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Test Section
Between the Wheel paths, Control PEM
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Between the Wheel Paths, Rubberized PEM
Wheel Path, Rubberized PEM
Figure 6. Average bulk specific gravity of PEM core samples.
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Figure 7. Average air voids of PEM core samples.
International Journal of Pavement Engineering 7
D
ow
nl
oa
de
d 
by
 [G
eo
rg
ia 
So
uth
ern
 U
niv
ers
ity
], 
[J.
 Sh
en
] a
t 1
3:1
8 2
7 A
ug
us
t 2
01
5 
gravity, air voids, permeability and Cantabro loss values of
rubberised PEM samples with rubberised SMA underlayer
were not significantly different with that of rubberised
PEM with control SMA underlayer. Hence, rubberised and
control SMA underlayers have no significant effect on
surface PEM.
Figures 6 and 7 show that the wheel path of the
rubberised PEM pavement has similar values of bulk
specific gravity and air voids to the pavement between thee
wheel paths. Figure 8 showed that the wheel path has
slightly higher values of permeability than that of the
centre of the lane. Figure 9 illustrates Cantabro loss of the
wheel path to be higher than that of the centre of lane.
It may be contributed to more traffic loading on the wheel
path than the centre of lane. In the Cantabro test, loss was
calibrated to a thickness of 3.3 cm for cored sample
according to the regression equation.
7.2.3. I-75 Perry
Bulk specific gravity values for both the wheel path and
the area between were slightly lower for the rubberised
PEM pavement than the control (Figure 6). The air voids
of the rubberised PEM wheel path and centre lane were
11.6% and 6.4% lower, respectively, than those of the
control PEM (Figure 7). Permeability values for the
rubberised PEMwere lower than the control’s due to fewer
air voids. Difference rates for the wheel path and between
were 17.0% and 18.8%, respectively (Figure 8). Statistical
analysis in Table 6 indicates that there were no significant
different specific gravity and permeability values between
the rubberised and control PEM, except air voids.
Figure 9 shows that the rubberised PEM had higher
Cantabro loss values than the control even though the void
ratio was lower than that of the control samples. Table 6
indicates that Cantabro Loss of rubberised PEM samples
was not significantly different with that of control PEM.
The test comprised 10 revolutions, and loss was calibrated
to the value of a 2.8mm core samples using the regression
equation. These results did not distinguish wheel path from
the centre lane because of too few core samples.
7.3. Effects of time on rubberised PEM properties
Table 7 showed changes in the measured properties of core
samples as service life increases. Note that the 5-year
rubberised PEM had similar bulk specific gravity, slightly
fewer air voids and better permeability than the 3-year
samples, while the 5-year control PEM had slightly lower
bulk specific gravity, slightly more air voids and better
permeability than the 3-year sample, possibly due to
differences in the properties of the original mixtures.
In order to evaluate the effects of time on Cantabro loss
of rubberised PEM, the situation of core samples from I-75
Perry after 40 revolutions was used to compare with those
from I-75 Valdosta and I-20 Augusta. Cantabro loss after 5
years was much worse than after 3 years for both
rubberised and control samples. After 40 revolutions, the
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Table 6. Statistical analysis of properties of PEM core samples.
Properties I-75 Valdosta I-75 Perry I-20 Augusta
Rubberised–
control
Rubberised–
control
Eastbound–
westboundc
Bulk Specific
Gravity
Ya Nb N
Air Voids Y Y N
Permeability Y N N
Cantabro Loss Y N N
aY: p-value , a ¼ 0.05 (significant difference).
b N: p-value . a ¼ 0.05 (no significant difference).
c Only rubberised PEM was paved on both eastbound and westbound of I-
20, Augusta, while the rubberised (eastbound) and control PMAC
(westbound) SMA mixtures were constructed under the rubberised PEM.
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3-year core samples from I-75 Valdosta showed some
abraded particles (Figure 4), while the 5-year core samples
from I-75 Perry broke into pieces (Figure 5). In both
rubberised and control PEM, the Cantabro loss became
larger with increased service life.
8. Summary and conclusions
This paper presented a preliminary evaluation of the long-
term performance of rubberised PEM pavements,
compared to the PMAC PEM pavement as a control,
using the visual field inspection and laboratory investi-
gation on cored samples. The results indicated the
rubberised PEM, i.e., crumb rubber added in dry process,
performed well in the field after a service life of 3 and 5
years, and the rubberised PEM works equally as PMAC
PEM for the service years evaluated.
The following conclusions can be obtained from the
present research:
. After a 3-year’ service, the field performance of the
rubberised PEM pavement was similar to that of the
control. The distresses of cracking, rutting, ravel-
ling, bleeding, pushing and potholes were not found
in the rubberised PEM pavement from both I-75
Valdosta and I-20 Augusta. Only two profiles of the
PMAC PEM pavement near milepost 10 of I-75
Valdosta showed minor rutting of 2mm.
. After a 5-years’ service, the field performance of the
rubberised PEM pavement was similar to that of the
control PEM pavement. Neither showed any
bleeding or pushing, while all profiles of both
showed rutting. The I-75 Perry rubberised PEM
pavement had shallower ruts than the control PEM
pavement. Although the rubberised section had
almost twice cumulative traffic compared to the
control, the rubberised PEM still performed a little
better rutting resistance than the control, indicating
that the performance of rubberised PEM in I-75
Perry is superior to the control.
. Both I-75 Perry PEM test sections had reflection
cracking. The length and severity for the rubberised
pavement were similar to that of the control and had
nothing to do with the mixtures. The 24-foot
ravelling found only at the very beginning of the
rubberised PEM test section may be attributed to
improper construction procedures and lack of
enough time for the rubber to reach binder to form
quality mixtures.
. The 3-year rubberised PEM samples had lower bulk
specific gravity, better permeability and much more
Cantabro loss than the controls. The 5-year
rubberised PEM mixture had lower bulk specific
gravity, lower permeability andmuchmoreCantabro
loss than the controls.
. Cantabro loss tests, measured using modified number
of rotation, showed that the values of the Cantabro loss
increased with increased service life for both
rubberised and control PEM. The Cantabro loss had
a big deviation due to the difficulty of measuring the
aged and thin ‘hockey puck’ samples. Mass loss from
modified Catanbro test did not reflect well the
performance from visual inspection of the pavements.
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